A new Streptomyces sp. IF 5 was isolated from the feather dumped soil and found to have a tremendous keratinase activity. The strain enabled the degradation of the chicken feathers very effectively in 60 h. The 16S rRNA sequence of 1474 bp long was submitted to the National centre for Biotechnological information.
INTRODUCTION
Feathers are produced in large amounts as a by-product at poultry processing plants, reaching millions of tons annually.
Removal of them is a major problem for processing plants and poultry farms (10) . Feathers are formed from beta keratin which resists chemical agents and enzymatic lysis. The chemical activity of keratin is connected in a significant degree to the cystine content and the disulphide bond which is formed between two cysteine molecules is responsible for the high strength of keratin and its resistance against the action of proteolytic enzymes. (16, 21) .
There are certain microorganisms that can synthesize keratinases. Keratinolytic microbes are widespread in nature, and largely isolated from poultry wastes that are mostly fungi, bacteria of the genera Bacillus and Streptomyces (19) Although the feather meal is an important source for animal production, it represents low digestibility (7). The natural existence of keratin-degrading microorganisms offers more nutritionally balanced and digestible product. The study on the protein and aminoacid composition of the microbially treated and untreated feathers showed higher amount of lysine, methionine and arginine in the fermented feather, due to the possibility of secreting limiting amino acids by the microbes, concluding the microbial biomass can also be a good rich protein source (17) .
Their growing importance is mainly contributed to the isolation of keratinases from non-pathogenic microorganisms and their ability to degrade the tough insoluble keratin of feather and convert it into economically useful feather meal, nitrogenous fertilizers, biodegradable films, glues and foils (8) .
The production of aminoacids from the fermented feather is also a great demand in the industries. Keratinases are being used in many industrial sectors like detergent, medicine, cosmetics, leather, feed, particularly in the use of Bioresources international's Versazyme for feather meal production (8) .
Keratinases could also play other important role in, aerobic digestion of poultry waste to generate natural gas, in textile industries to improve shrink proofing wool and for cleaning obstructions in sewage system during wastewater treatment (22) .
Hence the present study orients towards the innovative application of feather waste that is, the formulation of a new economical medium for the growth of microbes using the degraded feather. And it also includes, the isolation of efficient keratin degrader, followed by its taxonomical investigation, enzyme activity, SEM-EDAX analysis, and estimating the nutritive value of degraded feather medium.
MATERIALS AND METHODS

Isolation of keratin degrader
The feather dumped soil was collected from a local poultry farm at Thanjavur, Tamil Nadu, India. The soil samples were pre-treated for 30 minutes at 60°C to eliminate unwanted microorganisms and serially diluted in saline water up-to 10 5 .
The Streptomyces sp was isolated using starch casein nitrate agar and incubated at 30°C for 14 days. The media was supplemented with carbendizim 400 mg/l after sterilization (11) . The isolates were streaked on agar slants for further studies.
Test for keratin degradation
A loopful of 8 days old test isolates were inoculated in 100 ml of sterilized basal salt medium (13) were also monitored at the regular intervals of 12 h.
Enzyme activity assay
Keratinase activity was determined spectrophotometrically by the method of Mona, 2007 (16) . The reaction mixture consisted of 1 ml diluted enzyme solution and 0.1 g feather keratin (HiMedia, India) in 5 ml borate buffer (50 mM, pH 9) and incubated for 4 hours at 40ºC. The reaction was stopped with 1 ml of 10% trichloroacetic acid (TCA) for 30 minutes at room temperature. The mixture was centrifuged and the released amino acids were measured as tyrosine by
Lowry's method (15) . The tests were also performed using casein as substrate.
Thiol assay
The disulphide released in the degradation medium was assayed by the method of Ellman, 1959. The assay was performed at regular intervals of 12 h for 3 days.
Scanning electron microscope and Energy Dispersive spectroscopy (EDAX) analysis
The degradation of the feathers was characterized by SEM. The culture broth containing degraded feathers were filtered, washed twice by distilled water and the substrates were dried. The degraded feather (DF) and the non-degraded feather (NDF) were pasted separately in a stub using double sided adhesive carbon conducting tape and gold sputtered. The sample was analyzed in the scanning electron microscope (Hitachi S-3000 H) using photomultiplier detector and images were taken at 50 X and 250 X. The elemental composition of both DF and NDF were determined by EDAX (made by Thermo Electron Corporation) using silicon drift lithium detector.
Formulation of Degraded feather medium (DFM)
The feathers degraded by the strain IF 5 were collected from the culture broth and purified by washing with double distilled water, followed by drying. The feathers were dried using the spray drier to yield powered feather meal. 
RESULTS AND DISCUSSION
Phylogenetic analysis of strain IF 5
Among the isolates from the feather dumped soil collected in the local poultry farm, Streptomyces sp. IF5 was capable degrading the chicken feathers in 60 h. It is evident from this study that the isolated strain could grow on the minimal medium containing the keratin as the substrate for carbon and nitrogen source. The strain IF5 exhibiting the highest feather degradation was chosen for taxonomical investigation. The phylogenetic analysis of the strain IF5 based on the 16s rRNA showed that the sequence is 1474 bp long, and has a highest homology (96%) with Streptomyces A515 Ydz-FQ. The
Phylogenetic analysis (Fig. 1) 
Sulfhydryl analysis
During the enzymatic hydrolysis of feather keratin, the release of sulfhydryl groups in the medium was monitored at the regular intervals of 12 h for 3 days (Fig. 2) . The increase in the sulfhydryl groups reached the peak in 2. 
Evaluation of microbial growth
Bulk discarding of chicken feathers is an environment threat though many methods like land filling, production of natural gas, fertilizer, and feather meal were adopted (1, 17) .
Thus, the main objective of the study was to formulate the microbial medium from degraded feather waste in comparison with a commercial media like peptone agar. When microbial growth was examined in the agar plates, the DF medium 
Cost-effective analysis
Cost-effective analysis from Figure 5b. Chemical composition of degraded feathers obtained from EDAX
